Novel split chest tube improves post-surgical thoracic drainage by Olivencia-Yurvati, Albert H et al.
Strathprints Institutional Repository
Olivencia-Yurvati, Albert H and Cherry, Brandon H and Gurji, Hunald A 
and White, Daniel W and Newton, J Tyler and Scott, Gary F and Hoxha, 
Beslm and Gourlay, Terence and Mallet, Robert T. (2014) Novel split 
chest tube improves post-surgical thoracic drainage. Experimental and 
Clinical Cardiology, 5 (7). ISSN 1205-6626 , 
http://dx.doi.org/10.4172/2155-9880.1000321
This version is available at http://strathprints.strath.ac.uk/51007/
Strathprints is  designed  to  allow  users  to  access  the  research  output  of  the  University  of 
Strathclyde. Unless otherwise explicitly stated on the manuscript, Copyright © and Moral Rights 
for the papers on this site are retained by the individual authors and/or other copyright owners. 
Please check the manuscript for details of any other licences that may have been applied. You 
may  not  engage  in  further  distribution  of  the  material  for  any  profitmaking  activities  or  any 
commercial gain. You may freely distribute both the url (http://strathprints.strath.ac.uk/) and the 
content of this paper for research or private study, educational, or not-for-profit purposes without 
prior permission or charge. 




















0HWKRGV $IWHU VWHUQRWRP\ SHULFDUGLRWRP\ DQG OHIW SOHXURWRP\ SLJV ZHUH ILWWHG ZLWK VHSDUDWH FKHVW GUDLQV








GUDLQ HYDFXDWHG D VLPLODU YROXPH RI VXFURVH YV WKH FRQYHQWLRQDO GUDLQ    YV    PO 3   
5HVLGXDOYROXPHWHQGHGWREHORZHUYVPO3 DQGGUDLQDJHHIILFLHQF\WHQGHGWREHKLJKHU
YV3 ZLWKWKHVSOLWGUDLQYVFRQYHQWLRQDOVHSDUDWHGUDLQV
&RQFOXVLRQ 7KH VSOLW FKHVW WXEH GUDLQHG WKH WKRUDFLF FDYLW\ DW OHDVW DV HIIHFWLYHO\ DV FRQYHQWLRQDO VHSDUDWH
WXEHV7KLVQHZGHYLFHFRXOGSRWHQWLDOO\DOOHYLDWHSRVWRSHUDWLYHFRPSOLFDWLRQV
.H\ZRUGV &KHVW 3OHXUDO HIIXVLRQ 3OHXUDO VSDFH 6XUJLFDO
HTXLSPHQW7KRUDFRWRP\
,QWURGXFWLRQ
/LIHVDYLQJ VXUJHULHV RQ WKH KHDUW DQG OXQJV LQFOXGLQJ FRURQDU\
DUWHU\ E\SDVV JUDIWLQJ UHSODFHPHQW RI GLVHDVHG KHDUW YDOYHV DQG
UHVHFWLRQRIOXQJFDQFHUVUHTXLUHRSHQLQJWKHFKHVWFDYLW\LQFLVLQJWKH
SHULFDUGLDO DQGRU SOHXUDO PHPEUDQHV OLQLQJ WKH FKHVW ZDOO DQG
WKRUDFLFRUJDQVDQGRSHUDWLQJRQWKHKHDUWOXQJVDQGRUPDMRUEORRG
YHVVHOV 7KHVH VXUJLFDO VLWHV FDQ H[XGH ODUJH YROXPHV RI IOXLG RIWHQ
H[FHHGLQJ  OLWUH ZKLFK FROOHFWV LQ WKH SOHXUDO VSDFH DQG FRPSUHVVHV
WKH WKRUDFLF RUJDQV FRPSURPLVLQJ FDUGLDF SHUIRUPDQFH DQG
YHQWLODWLRQ >@ ,QGHHG UHVLGXDO SOHXUDO HIIXVLRQV DQG GUDLQ
GLVFRPIRUW SHUVLVW DV VLJQLILFDQW SRVWRSHUDWLYH PRUELGLWLHV >@
$OWKRXJK GDWD RQ WKH WUXH LQFLGHQFH RI UHVLGXDO HIIXVLRQV LV OLPLWHG
FOLQLFDOO\ VLJQLILFDQWSRVWRSHUDWLYHSOHXUDO HIIXVLRQVRFFXU LQ
RISDWLHQWVUHFRYHULQJIURPRSHQKHDUWVXUJHU\>@
7R GUDLQ WKHVH HIIXVLRQV DQG UHOLHYH FRQJHVWLRQ RI WKH WKRUDFLF
FDYLW\ WXEHV DUH SODFHG LQ WKH PHGLDVWLQDO DQG SOHXUDO VSDFHV
&RQYHQWLRQDOGUDLQDJH V\VWHPV UHTXLUH WZR LQVHUWLRQ VLWHVZKLFKDUH
PRUH SDLQIXO DQG LPSRVH D JUHDWHU ULVN RI LQIHFWLRQ WKDQ D VLQJOH
LQVHUWLRQVLWH0RUHRYHU WKHVH WXEHVRIWHQ IDLO WRHIIHFWLYHO\GUDLQ WKH
FKHVW FDYLW\ /DUJH YROXPHV RI SOHXUDO IOXLG FDQ FROOHFW LQ WKH FRVWR
GLDSKUDJPDWLFUHFHVVZLWKLQWKHOHIWSOHXUDOVSDFH7RHIIHFWLYHO\GUDLQ
WKLV IOXLG WKH WXELQJ PXVW EH WLJKWO\ FXUYHG WR GLUHFW LW FDXGDOO\ DQG
SRVWHULRUO\ LQWR WKH UHFHVV %HFDXVH FRQYHQWLRQDO WXELQJ ODFNV
HPEHGGHGVWUXFWXUHVWRKROG LWVFXUYDWXUH LWFDQVOLSRXWRISRVLWLRQ
LQWHUUXSWLQJ SOHXUDO GUDLQDJH +RZHYHU QR QHZ GHYLFHV KDYH EHHQ
GHYHORSHG WR DGGUHVV WKLV FOLQLFDO SUREOHP ,PSURYHG FKHVW GUDLQ
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FRPSDUH WKH UDWH DQG HIILFLHQF\ RI IOXLG GUDLQDJH E\ WKH VSOLW WXELQJ
V\VWHP YV FRQYHQWLRQDO VHSDUDWH WXEHV 7KH QHZ V\VWHP HYDFXDWHG




$ SURWRW\SH RI WKH VSOLW FKHVW GUDLQ GHVLJQ ZDV IDVKLRQHG IURP
$WULXP 鈀 VLOLFRQH WKRUDFLF FDWKHWHUV  ) FDOLEHU :LUH  PP
GLDPHWHUZDVWLJKWO\FRLOHGDURXQGWKHH[WHULRUVXUIDFHRIRQHRIWKH
WZR LQWUDWKRUDFLF DUPV WR KROG WKH FXUYDWXUH DQG SRVLWLRQ RI WKLV
VHJPHQW DIWHU LWV SODFHPHQW LQ WKH FRVWRGLDSKUDJPDWLF UHFHVV 7KH
VHJPHQWRIWKHFDWKHWHUZLWKFRLOHGZLUHZDVZUDSSHGLQDSURSULHWDU\
ELRFRPSDWLEOH ILOP WR SUHYHQW WUDXPD DQGRU LQIODPPDWLRQ IURP WKH
ZLUH)LJXUH
)LJXUH6SOLWFKHVWGUDLQSURWRW\SH:LWKLQWKHFKHVWWKHWZRDUPV
DUH GLYLGHG DQG SODFHG LQ VHSDUDWH ORFDWLRQV 7KHVH WXEHV HPSW\
LQWRDFRPPRQGUDLQZKLFKLVH[WHULRUL]HGWKURXJKWKHFKHVWZDOO
$ PDOOHDEOH H[WHUQDO ZLUH LV FRLOHG DURXQG WKH SOHXUDO DUP WR
SURYLGHGHIRUPDELOLW\DQGKROGWKHSODFHPHQWDQGFXUYDWXUHRIWKH
WXELQJ ZLWKLQ WKH FRVWRGLDSKUDJPDWLF UHFHVV )XWXUH UHILQHPHQWV





GUDLQDJH HIIHFWLYHQHVV RI WKH VSOLW FKHVW GUDLQ DJDLQVW WKDW RI D
FRQYHQWLRQDO V\VWHP HPSOR\LQJ WZR VHSDUDWH WXEHV $OO DQLPDO
H[SHULPHQWDWLRQ ZDV DSSURYHG E\ WKH $QLPDO &DUH DQG 8VH
&RPPLWWHH RI WKH 8QLYHUVLW\ RI 1RUWK 7H[DV +HDOWK 6FLHQFH &HQWHU
DQG FRQIRUPHG ZLWK WKH *XLGH WR WKH &DUH DQG 8VH RI /DERUDWRU\
$QLPDOV >@ 3LJV F  NJ ZHUH VHGDWHG ZLWK 7HOD]RO[\OD]LQH 









)LJXUH $ JUHHQ DUURZ DQG ZLWKLQ WKH FRVWRGLDSKUDJPDWLF UHFHVV
)LJXUH$\HOORZDUURZ,QWKHVSOLWGUDLQFRQILJXUDWLRQWKHWXELQJ





DQG SURWRW\SH VSOLW FKHVW GUDLQ & ' 3DQHOV $ DQG & VKRZ
SODFHPHQWRIGUDLQDJHWXEHVZLWKLQWKHWKRUDFLFFDYLW\%OXHDUURZV
FDWKHWHU IRU VXFURVH LQIXVLRQ JUHHQ DUURZV PHGLDVWLQDO GUDLQ
\HOORZ DUURZV SOHXUDO GUDLQ LQ WKH FRVWRGLDSKUDJPDWLF UHFHVV





GH[WURVH ': ZDV LQIXVHG LQWR  SLJV ZLWK WKH VHSDUDWH GUDLQDJH
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)LJXUH)OXLGGUDLQDJHE\FRQYHQWLRQDOVHSDUDWHWXELQJJUD\EDUV
DQG VSOLW WXEH SURWRW\SH EODFN EDUV )OXLG GUDLQDJH ZDV EHJXQ
LPPHGLDWHO\DIWHULQWURGXFWLRQRIOLWHU':3DQHO$RU0
VXFURVH3DQHO%LQWRWKHWKRUDFLFFDYLW\DQGZDVPRQLWRUHGIRU
PLQ 0HDQ YDOXHV s 6' QXPEHUV RI H[SHULPHQWV DUH LQGLFDWHG LQ
WKH7DEOH7KHRYHUDOO3YDOXHVIRUWKH$129$FRPSDULQJWKHWZR
FRQILJXUDWLRQVDUHLQGLFDWHGDERYHWKHKRUL]RQWDOEDULQHDFKSDQHO
$IWHU VXUJLFDO LQVWUXPHQWDWLRQ ZDV FRPSOHWH WKH VWHUQXP ZDV
DSSUR[LPDWHGZLWKZLUHVDQGWKHWKRUDFRWRP\VXWXUHGFORVHGPO
RI IOXLG ZDV LQIXVHG LQWR WKH WKRUD[ D GU\ VXFWLRQ ZDWHU VHDO FKHVW




PLQ VXFWLRQ WKHFKHVW FDYLW\ZDV UHRSHQHGDQG WKH UHVLGXDOYROXPH
ZDV H[WUDFWHG LQWR D VHSDUDWH JUDGXDWHG FRQWDLQHU IRU PHDVXUHPHQW
'UDLQDJH HIILFLHQF\ ZDV FDOFXODWHG DV H[WUDFWHG IOXLG YROXPH GLYLGHG
E\WKHVXPRIH[WUDFWHGDQGUHVLGXDOIOXLGYROXPHV
6WDWLVWLFDO$QDO\VHV
5HVXOWV DUH UHSRUWHG DV PHDQ YDOXHV s 6' &XPXODWLYH GUDLQDJH
RXWSXW YDOXHV DW WKH GLIIHUHQW WLPH SRLQWV ZHUH FRPSDUHG E\ D WZR
IDFWRUGUDLQDJHFRQILJXUDWLRQWLPH$129$ZLWKDSRVWKRF+ROP
6LGDN SURFHGXUH IRU PXOWLSOH FRPSDULVRQV 5HVLGXDO YROXPH DQG





6HSDUDWH 6SOLW 3 6HSDUDWH 6SOLW 3
Q    
9ROXPH'UDLQHGPO      
5HVLGXDO9ROXPHPO      
'UDLQDJH(IILFLHQF\      
7DEOH([WHQWDQGHIILFLHQF\RIWKRUDFLFGUDLQDJHE\FRQYHQWLRQDOYVH[SHULPHQWDOGUDLQDJHV\VWHPV











FRQYHQWLRQDO VHSDUDWH GUDLQV  s  PO 3    'UDLQDJH
HIILFLHQF\ZDVsIRUWKHVSOLWGUDLQYVsIRUWKHVHSDUDWH
GUDLQV 3    7KXV WKH VSOLW GUDLQ UHPRYHG ': IURP WKH
SOHXUDOVSDFHPRUHHIILFLHQWO\WKDQWKHVWDQGDUGFRQILJXUDWLRQ
6HFRQG6HULHV
'UDLQDJH RI K\SHUWRQLF VXFURVH VROXWLRQ 7KH UHVXOWV RI WKH ILUVW
VHULHVSURPSWHGDVHFRQGVWXG\H[DPLQLQJGUDLQDJHRI0VXFURVH
D VROXWLRQ RI D YLVFRVLW\ VLPXODWLQJ WKDW RI SODVPD 7KH VSOLW GUDLQ






 PO )OXLG GUDLQDJH VXEVHTXHQWO\ VORZHG LQ ERWK JURXSV %\ 




3    DQG GUDLQDJH HIILFLHQF\ E\ WKH VSOLW FRQILJXUDWLRQ  s
ZDVDW OHDVW DVKLJKDV WKDWRI WKH VHSDUDWHGUDLQV s3 
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VXUJLFDO LQFLVLRQV LQ WKH SOHXUDO DQG SHULFDUGLDO PHPEUDQHV WKRUDFLF
RUJDQV DQG EORRG YHVVHOV >@ ,I HQRXJK IOXLG DFFXPXODWHV WR
FRPSUHVV WKH KHDUW DQGRU OXQJV FOLQLFDOO\ VLJQLILFDQW LPSDLUPHQW RI
FDUGLDF DQGRU SXOPRQDU\ IXQFWLRQ PD\ HQVXH >@ $FFRUGLQJO\
WKHSODFHPHQWRIFKHVWWXEHVWRDIIHFWWKRUDFLFGUDLQDJHLVWKHVWDQGDUG
RI FDUH IRU PDQDJHPHQW RI SRVWRSHUDWLYH WKRUDFLF HIIXVLRQV 7KHVH
WXEHVDUHH[WHULRUL]HGWKURXJKLQFLVLRQVLQWKHFKHVWZDOOZKLFKUDLVHV
WKH ULVN RI LQIHFWLRQ FDQ SURGXFH GLVFRPIRUW DQG DUH SURQH WR
GLVSODFHPHQWHVSHFLDOO\ZKHQWKHSDWLHQWUHVXPHVDPEXODWLRQ
7KH OLPLWDWLRQV RI FRQYHQWLRQDO FKHVW GUDLQV SURPSWHG
GHYHORSPHQWDQGHYDOXDWLRQRIDQRYHOVSOLWGUDLQDJHV\VWHPZLWKD<
VKDSHG WXELQJ FRQILJXUDWLRQ SHUPLWWLQJ VHSDUDWH SODFHPHQW RI WZR
RSHQLQJVZLWKLQWKHWKRUD[7KHWZRDUPVRIWKHGUDLQFRQYHUJHLQWRD
FRPPRQWXEHH[WHULRUL]HGWKURXJKDVLQJOHFKHVWLQFLVLRQ$QH[WHUQDO
ZLUH VHUYHV WR LPSDUW GHIRUPDELOLW\ WR WKH WXELQJ WR KHOS HQVXUH WKH
WXEHVKROGWKHLUVKDSHVDQGSRVLWLRQVDIWHULQVWDOODWLRQLQWKHFKHVW
7KH SHUIRUPDQFH RI WKH QRYHO VSOLW GUDLQ V\VWHP SURYHG WR EH
VXSHULRU WR FRQYHQWLRQDO FKHVW GUDLQDJH ZLWK VHSDUDWH WXEHV E\ VRPH
PHDVXUHV &RPSDUHG ZLWK FRQYHQWLRQDO WKRUDFLF GUDLQDJH WKH QRYHO
V\VWHPDIIHFWHGDKLJKHUUDWHRIHYDFXDWLRQRIIOXLGVRIVLPLODUYLVFRVLW\
WR WKDW RI SRVWVXUJLFDO HIIXVLRQV 7KHVH SUHFOLQLFDO UHVXOWV LQGLFDWH
WKDWSUHFLVHSRVLWLRQLQJRIVHSDUDWHDUPVRIWKHQRYHOFKHVWGUDLQLQWKH
FRVWRGLDSKUDJPDWLFUHFHVVDQGPHGLDVWLQXPLVDVHIILFLHQWDQGDIIRUGV
PRUH FRPSOHWH IOXLG HYDFXDWLRQ WKDQ FRQYHQWLRQDO FRPSOHWHO\
VHSDUDWH GUDLQV $ KLJKHU UDWH RI IOXLG HYDFXDWLRQ FRXOG UHGXFH
LQGZHOOLQJ WLPH DQG LPSURYH SDWLHQW FRPIRUW DQG HQKDQFHG WKRUDFLF
GUDLQDJH FRXOG DPHOLRUDWH VRPH RI WKH PRVW SUHYDOHQW SRVWVXUJLFDO
FRPSOLFDWLRQV DVVRFLDWHG ZLWK FDUGLDF VXUJHU\ >@ 7KHVH UHVXOWV DOVR
XQGHUVFRUH WKH LPSRUWDQFH RI SURSHU SODFHPHQW RI FKHVW GUDLQV WR
HQVXUHHIILFLHQWSRVWVXUJLFDOWKRUDFLFGUDLQDJH
/LPLWDWLRQV
,W LV DFNQRZOHGJHG WKDW WKH VSOLW GUDLQ ZDV HYDOXDWHG XQGHU




WLPH WKH VSOLWGUDLQKDGHYDFXDWHGDYROXPH LQH[FHVVRI WKHDPRXQW
LQWURGXFHG ,Q WKH FOLQLFDO VHWWLQJ FKHVW GUDLQV DUH NHSW LQ SODFH IRU
GD\VIROORZLQJFDUGLRWKRUDFLFVXUJHU\>@$GGLWLRQDOO\LWLVSRVVLEOH
WKDW D EORFNDJH RULJLQDWLQJ IURP HLWKHU DUP RI WKH VSOLW GUDLQ PD\
REVWUXFW IOXLG HYDFXDWLRQ YLD WKH FRPPRQ RXWOHW WR D UHVHUYRLU
+RZHYHUVLQFHERWKWKHVSOLWDQGFRQYHQWLRQDOFRQILJXUDWLRQVFRQQHFW
WRWKHUHVHUYRLUYLDD<DGDSWRUERWKDUHVXVFHSWLEOHWRREVWUXFWLRQVDW
WKH <FRQQHFWLRQ 7KXV DGGLWLRQDO WHVWLQJ DQG UHILQHPHQWV DUH
QHFHVVDU\EHIRUHWKHVSOLWGUDLQFDQEHLQWURGXFHGWRFOLQLFDOSUDFWLFH
)XWXUH5HILQHPHQWV
7KLV VWXG\ HYDOXDWHG D ILUVWJHQHUDWLRQ VSOLW GUDLQ SURWRW\SH 7KLV
SURWRW\SH ZDV ILWWHG ZLWK DQ H[WHUQDO ZLUH FRLO DQG ZUDSSHG ZLWK D
ELRFRPSDWLEOH ILOP SHUPLWWLQJ DFFXUDWH EHQGLQJ DQG SRVLWLRQLQJ RI
WKHGUDLQDJHWXEHV LQWKHGHVLUHG ORFDWLRQVZLWKLQWKHWKRUDFLFFDYLW\
DQG PDLQWDLQHG WKH WXELQJ FRQILJXUDWLRQ VR LW VWD\HG LQ SRVLWLRQ
WKURXJKRXWWKHH[SHULPHQW6XFKDQH[WHUQDOZLUHZRXOGEHXQVXLWDEOH
IRU FOLQLFDO DSSOLFDWLRQ ,QVWHDG WKH VSOLW GUDLQ PXVW EH UHILQHG WR
FRQWDLQHPEHGGHGPDOOHDEOHELRFRPSDWLEOHZLUHVSHUPLWWLQJLWWREH





DIWHU FDUGLRSXOPRQDU\ E\SDVV >@ 6PDOOHUFDOLEHU WXELQJ LV PRUH
IOH[LEOH DQG WKXV PRUH VXVFHSWLEOH WR GLVORGJHPHQW VR WKH




)XQGLQJ IRU WKLVZRUNZDVSURYLGHGE\D IDFXOW\ UHVHDUFKJUDQW WR
$+2< IURP WKH 8QLYHUVLW\ RI 1RUWK 7H[DV +HDOWK 6FLHQFH &HQWUH
1RYHO 6SOLW &KHVW 'UDLQ ,PSURYHV 3RVW6XUJLFDO 7KRUDFLF 'UDLQLDJH
5, %+& ZDV VXSSRUWHG E\ D SUHGRFWRUDO IHOORZVKLS IURP WKH
1DWLRQDO ,QVWLWXWH RQ $JLQJ 7UDLQLQJ LQ WKH 1HXURELRORJ\ RI $JLQJ
7$* +$* DQG ':: ZHUH VXSSRUWHG E\ SUHGRFWRUDO
IHOORZVKLSV IURP WKH *UDGXDWH 6FKRRO RI %LRPHGLFDO 6FLHQFHV DW
8QLYHUVLW\RI1RUWK7H[DV+HDOWK6FLHQFH&HQWUH7KHDXWKRUV WKDQN




G\VIXQFWLRQ DIWHU FRURQDU\ DUWHU\ E\SDVV JUDIWLQJ HPSOR\LQJ ELODWHUDO
LQWHUQDO PDPPDU\ DUWHULHV WKH LQIOXHQFH RI LQWDFW SOHXUD (XU -
&DUGLRWKRUDF6XUJ
 .RSWHULGHV 3 /LJQRV 0 3DSDQLNRODRX 6 3DSDGRPLFKHODNLV (




HIIXVLRQV IROORZLQJFDUGLDFVXUJHU\SUHYDOHQFH ULVN IDFWRUVDQGFOLQLFDO
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